The motion of 2D gravity currents on a horizontal bed is simulated by a Large Eddy Simulation (LES) model. The gravity currents consist of either a mixture of nearly uniform sized particles or saline water. The numerical model uses cubic spline method for space derivatives and Crank-Nicolson scheme with fractional step for marching in time. The eddy viscosity is computed by Smagorinsky method modified to include effects of buoyancy. The simulated results are compared with experimental data for front height, front propagation speed and front buoyancy. The computed densimetric Froude number at the front is compared with experimental value as well as that available from existing empirical and experimental studies. The numerical model shows promising results for simulation of gravity currents and understanding front characteristics.
studied factors regulating propagation and structure of gravity currents comparing various approaches to research on gravity currents.
The motion of 2D gravity currents on a horizontal bed is particularly difficult for numerical treatment as the gravity current has to form from a static state. Nakayama and Satoh6) simulated plumes advancing over horizontal surfaces by Large Eddy Simulations (LED) and categorized the motion in three phases called immature state, transition state and subtle state. Hosda et al.7) numerically studied induced internal waves in a densimetric exchange flow. Akahori et al.8) proposed a two-dimensional model using CIP9,10) for gravity currents. They studied the front shape for a rather small range of the ratio of the depth of gravity current to the depth of ambient fluid. Moreover, front velocity and front buoyancy was not discussed there. In the above three studies very limited verification of numerical results was performed against experimental data. in the xi direction.-u'iu'j can be expressed as (4) 
The correlation term in Eq. (3) is generally assumed to be expressed as (8) Applying operator splitting technique, Eq. (2) can be written as a advection-diffusion equation (9) and a pressure equation
The pressure is computed by the Poisson equation, derived from Egs. (10) and (11) .
In the simulation of particle clouds, the model treats the particle phase as a continuous fluid and the drift velocity between fluid phase and particle phase is assumed to be the settling velocity of particles. This model, efficient when particles are relatively finer and the cloud is relatively denser, has been used successfully by Li12) for numerical studies of convection of particle thermals and by Celik and Rodi13) for sediment transport in open channels.
COMPUTATIONAL TECHNIQUE
The governing equations are numerically integrated by evaluating space derivatives by a Step 1:
Step 2: GP denotes experiments with water-particle mixture and GS denotes experiments with saline water.
The motion of the front of the gravity currents was tracked by a CCD camera and front velocity, area of the front and height of the front were obtained from the recorded images. Each experiment was repeated five times under the same experimental conditions and the data presented herein are the average of such five runs. The buoyancy of the front at a given location was obtained by cutting off the front from the rest of the front by inserting a sheet behind the front and Fig.1 where Xf=front location relative to the point Xi, Wi and Ai=Total buoyancy and area, respectively, of the front at Xi, Uf=front velocity, H=front height and B=front buoyancy. Before Xi, the height of the front falls rapidly and so does the front velocity. This phase is not shown in the figure as we want to focus on relatively stable and well developed phase of the motion of gravity current.
The agreement between experimental data and computed results are overall reasonable. It is seen from Fig.3 that the front velocity of saline gravity currents shows a gradual but continuous slowdown. However, front velocity of suspension gravity currents drops very slowly or remains more or less constant for some distance followed by a rather steep slowdown beyond a point (Fig.6 ). The height of saline gravity current remains almost constant as it moves forward whereas that of suspension gravity current shows continuous reduction (Figs.4,7) . The computed buoyancy of both saline and suspension gravity current front changes very slowly. Although experimental data shows a rather steep drop in front buoyancy towards the end, computed results differ on this account. It is felt that beyond a certain point, the front velocity and buoyancy decrease rather rapidly. The significance, reason or the physical meaning of this point of a sudden change in the front characteristics are not well known at this time. However, it may be speculated that the front looses its buoyancy significantly at some point in space and time, which manifests as sudden drop in front velocity and height.
It may be remarked that the computed results exhibit some numerical oscillations towards advanced time which can be rectified by using finer discritization in space and time.
Figs.9 and 10 compares experimental and 
It may be seen that both experimental data and the computed results cluster around the line given by Huppert and Simpson2) but don't exactly follow that.
It is also seen that the data for suspension gravity current show a larger scatter than the data for saline gravity current. It is understood that the densimetric Froude number remains more or less constant for a given front height, specially in case of saline gravity current, under a given depth of ambient fluid, even though the front velocity and buoyancy changes as the front advances. More detailed investigation is required to gain further insight into this.
CONCLUSIONS
The motion of gravity currents on a horizontal bed, produced by releasing denser fluid into a less Fig.3 Front velocity saline gravity current. It is concluded that the numerical model presented herein can reasonably simulate the motion of a 2D gravity current. On the motion of gravity current it is observed that the front velocity and buoyancy shows a steep decrease after a particular point in space. However, the densimetric Froude number remains more or less unchanged for a given front height. These would be studied in further detail in our future works.
